The LHCb Collaboration has recently measured the difference of time-integrated CP asymmetry in
On the difference of time-integrated CP asymmetries in D The LHCb Collaboration has recently measured the difference of time-integrated CP asymmetry in D 0 → K + K − and D 0 → π + π − decays, more precisely. The reported value is ∆ACP = −0.10 ± 0.08(stat) ± 0.03(syst)% which indicates no evidence for CP violation. We consider the possible unparticle physics contribution in this quantity and by using the LCHb data try to constrain the parameter space of unparticle stuff.
I. INTRODUCTION
The standard model (SM), being a very successful model in all tests carried out so far, has been completed with the discovery of the Higgs boson, the last major missing piece of the SM, during the first LHC run. However, some problems such as baryon asymmetry, dark matter, neutrino oscillation etc. call for new physics beyond the SM.
Therefore, physicists are now looking for phenomena that do not conform the SM predictions. In particular, to have an appropriate mechanism for the explanation of baryon asymmetry, one expects deviations of the SM predictions for CP violation. Until now, CP violation signals have been observed in the quark sector of the SM e.g. in K mesons In addition, there exist large uncertainties in the theoretical estimations of parameters so that the interpretation of measurements in the context of the SM encounters with some ambiguities. In fact, the c quark is not heavy enough to apply heavy quark effective theory (like in B physics), on the other hand it is not light enough to use chiral perturbation theory (like in kaon physics). Moreover, the rate of mixing in neutral charm mesons is extremely small. Hence, the indirect CP violations (CP violation through mixing and the interference of the mixing and decay) are negligible in charm processes. In particular, when the difference of time-integrated CP asymmetries in
− decay is measured, the indirect contribution almost vanishes in the difference.
The LHCb Collaboration has recently measured the difference between the CP asymmetry in
. This measurement has superseded the previous result obtained using the same decay channels [6] [7] [8] .
According to the SM, the tree level amplitudes of Although there is large uncertainty in the SM value of ∆A CP , it is important and exciting to consider the recent measurement of ∆A CP as possible new physics and explore allowed parameter space [11] [12] [13] .
It has been conjectured that there may exist "stuff" that does not necessarily have zero mass but is still scaleinvariant. This stuff cannot be described as particle, so it has been called "unparticle" [14] . If the unparticle stuff exists, it must couple with normal matter weakly, since there is not yet any observed signal confirming it. However, several new physical results due to the existence of unparticle have been explored extensively, see for instance [15] [16] [17] [18] [19] [20] [21] .
The unparticle effects are also involved in the study of various decays, beyond the SM [22] [23] [24] [25] [26] . In particular, the CMS Collaboration has been recently searched for dark matter and unparticles in events with a Z boson and missing transverse momentum in proton-proton collisions at √ s = 13 TeV [27] . Also, the peculiar CP conserving phases in unparticle propagators lead to a significant impact on CP violation [28] [29] [30] [31] [32] . Moreover, since the unparticle couplings to quarks can be complex in general, some CP violating phases, in addition to the SM weak CP phase, can arise from these new couplings. More recently, we study the CP violation in Cabibbo favored decays of D mesons via unparticle physics [33] . In this letter, we study this effect on singly Cabibbo suppressed (SCS) charm mesons decays. Namely, we obtain the unparticle contributions in the difference CP asymmetry of
Hereby, using the experimental measurement of this difference, we shall study the relevant parameter space of unparticle physics.
In the next two sections we first briefly review the unparticle physics then consider its contribution to the time-
In the last section we summarize our discussion and conclusions.
II. A BRIEF REVIEW OF UNPARTICLE PHYSICS
One can suppose that the very high energy physics contains a scale invariant sector with a nontrivial IR fixed point (Banks-Zaks theory) [34] . The properties and signatures of this sector are different from the SM particles, hence
Georgi termed it "unparticle" [14] . Unparticles can interact with the SM particles through the exchange of particles with a large mass scale M U . Below this scale, one can write nonrenormalizable couplings involving both SM fields and Banks-Zaks (BZ) fields suppressed by powers of M U as follows:
where O SM (O BZ ) is an operator with mass dimension d SM (d BZ ) built out of the SM (BZ) fields. The scale invariance of BZ sector emerges in an energy scale Λ U where the BZ operators match onto unparticle operators. Here we have a dimensional transmutation due to the renormalizable coupling of BZ operators. Therefore, the effective interaction between unparticle and SM operators below Λ U can be written as follows:
where d U is the scaling dimension of the unparticle operator O U , and the constant C U is a coefficient function. The
Lorentz structures of unparticle can be different, i.e.
Couplings of these operators to all possible gauge invariant SM ones, with dimensions less than or equal to 4 are listed in [35] . Here, we consider the following effective interactions of scalar and vector unparticle operators with operators composed of quarks,
where c q ′ q v and c q ′ q s are the dimensionless couplings. Moreover, the propagator of a scalar (vector) unparticle is given by [14] 
where φ U = (2 − d U )π and
Here, the transverse condition ∂ µ O (µ) U = 0 is used and the phase factor in Eq. (4) arises from (−1) dU −2 = e −iπ(dU −2) .
III. TIME-INTEGRATED CP ASYMMETRIES OF
The SM predicts very small CP violation effects in D-meson decays because, with an excellent approximation, only the first two quark generations are involved. The CP violation in neutral D decays could be direct or indirect (or both) which come from di-penguin and box diagrams being very small [36] . The time-dependent CP asymmetry of
where 
Considering neutral unparticle such as Eq. (3) in addition to the SM contents (figure 1), one leads to write the total amplitude, A tot. , of the process D → ππ(KK) as follows:
where A SM and A U are the SM and unparticle contributions, respectively. At the tree level, A SM is given by
where F π(K) is a function which depends on the meson mass and QCD detail of the process, which will be finally removed in Eq. 9. The unparticle contribution in amplitude is
with
(9) becomes
We try to explore the relevant parameter space through some diagrams. We take the scale of unparticle ∼ 15
TeV. First, the role of scaling dimension d U , which determines the strong phase, is illustrated in Fig. 2 for three different product of couplings s and fixed values of the weak phases. In this figure, we take γ π = −1, γ K = 2.14, which are corresponding to the approximate maximum of |∆A CP | (see Fig. 3 ), and |c ) is comparable to the least one chosen in [28] . In particular, note that while the unparticle has not been excluded by B d → π + π − for this choice, here it is seriously excluded for d U smaller than about 1.56. Second, in Fig. 3 , ∆A CP is plotted in terms of weak phases, γ π and γ K for a fixed value of d U = 1.85 and unity couplings. We find that, if two terms in Eq. (15) are in opposite phases, they are summed constructively. In this figure, the region between dashed lines is allowed and otherwise excluded. Here we should mention that, the future precise experiments, such as Phase-I and Phase-II upgrade of LHCb, or future analysis based on data collected of proton-proton collisions at the LHC, at a center-of-mass energy of 13 TeV, may lead to narrower allowed region, hence one can constrain the parameter space more strongly.
IV. SUMMARY AND CONCLUSIONS
Recently, the difference of time-integrated CP asymmetry in
measured by LHCb more precisely, which shows no evidence for CP violation. This can impose strong constraints there is an excluded region, due to the present precisions. In addition, for |c [33] M.M. Ettefaghi, R. Moazzemi and M. Rousta,"Constraining unparticle physics from CP violation in Cabibbo favored decays of D mesons", to appear in Phys. Rev. 
